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1. PMURPO

i The purpose of this research and developaent contract vas to:

1. Establish the role of carbon black in the nitro-orpani-carbon cathode.

12. Determine the mechanism of the nitro reduction reaction.

1 3. Extend the developiet of the mpiesiva-m-dinatrobensene cell to ee-

g tablish properties and reliability on ahelf.

r
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2. ABOMCT

A survey vs made of experimental and omercial carbon blacks for use with a-

dinitrobenzene in magmesium cells. The specification evolved listed low density,

large surface area, high electrical conductivity and a macmm volume of voids

in the compressed carbon black. These conditions demand a fluffy carbon black

vhich, in the presence of electrolyte, retains a measure of structure adequate

for massive material transfer and diffusion processes. No comercial carbon

black vas found ideally suited for this cathode system. One available pire

acetylene carbon black can be adayted, however., by means of an intensive me-

chanical "opening" proeess, especially vith siaultaneous introduction of a

mll quantity of V2 05 .
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3. EPRDT L AND FAMCTAL DTA

3.1 RIOST OF P301WM

Work prior to this contract us conducted In part under Sial Corps Contract

No. DA-36-039-BC-780W. from 15 Jams, 1958,. to 20,, 8ept~er, 1960. Mb. pro-

gra consisted of two major arms of effort; a Research Phase and a Develop-

mental Phase. The results are ummarized briefly in the following sections.

3.1.1 Research Phase

I During the course of the previous contract, inW classes of orgenic cathode

materials sere studied*. 2e on orgenic-nitro compouns as cathode

materials ws extended to various heterocyclic copounds,, such as:

(1) nitropyridines; (2) nitropyrLmidines; (3) aitrofurmns; and (I) itroe-
thiophenes. These materials, as predicted by theory, offer promise for the

develolment of cathode materials with half-cell potentials 0.05 to 0.20

volt higher than are nov obtained fras m-dinitrobenzene (an-=ED). A higher

operating voltage is very desirable for the design of batteries that re-

quire a 1.0 v per cell or higher cut-off voltage.

The theory concerning the effect of substituent gorus on the opmtin.

voltage wes developed so c~oupnds could be selected for synthesis with
the best balance betveen capacity and operating voltage.

The general role of carbon and vater In a manesiau-nitro organie cell ws

determined. The capacity of a practical cell is a function of the anode

Sefficiency and the ability of the cathode to store vater *ile mintalinln

a high ampere-hour efficiency. This latter prerty seta m broad r.-

Squirements for the carbon used In the cathode mix. These are:

3-1I
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a. high surface area

b. high electrolyte retention while maintaining god electrical

conductivity

c. high affinity for the reactant nitro campound

3.1.2 Development Phase

A detailed study was made of the performance of same organic cathode mterials I
in practical cells. Of the many classes of organic cathode materials, nitro

organic compounds were selected because of their high theoretical and expei-

mental capacity. These organic materials, when coupled with a magnesium

anode, produce dry cells with a flat discharge curve, and can operate over a

wide range of current drains within the voltage limits of conventiomal dry

cells.

Summarized in Figure 3-1 are the watt-hour capacities of the M/Ng( Cl%)

mDNB (Columbian carbon 1100 series) system compared with Mg/MgBr 2/6M

(D-rco-G-6o) June (1958), Mg/MgBr 2 /Mno 2 (Type ), M) W r2/kR02 (African),

and Zn/NH4Cl-ZnCl/ electrolytic-nO2 systems as a function of discharge

rate. The data for the Mg-mm system represent over 50% improveemt

since the start of the previous contract. These data show the excellent

watt-hour capacities attained by the use of organic compounds. Capacities

in excess of 90 v-hr/lb were obtained at practical discharge rates.

It can be seen that for batteries of the same capacity, a Xg-a-dinitroben-

zene battery will weigh 25% less than a Mg-NnO2 (Syn), and 50% less than

Leclanche batteries with the best formulations.

Shelf studies show that Mg-m=B cells with either a MgBr 2 or Ng(CI0 1) 2

electrolyte have a favorable shelf life.

To characterize the Mg-mLUB system more fubly, its temperature dependence,

impedance, and delayed action (time to reach operating voltage) were

determined. The latter two properties were studied because of the unasual

impedance and delayed action characteristics of magnesimu cells.

3-2
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The tiperature dependance over the temperature range 4•0C to -30*C of

the operating voltage and capacity of N/NgOWr212 (Darco 0-60) A-cells

discharged through a 20-oba resistanae vs also deteained. 2he capacity

varied linearly vith temperature over the sme temperature range. Mhe

a uws 0.87 vatt-hours per pound per °C. Expressed as capacity retan-

tion vith the capacity at 2DOC taken as 100%, the d(oaD. retention) was
dt

1.750. It should be Mnphasized that this lov-temperature performance us

achieved with the normal electrolyte (2K).

The impedance of MgMgBr 2 /mI A-cells vas measured by a&achnique pre-

viously described. The impedance of qamparable 4ize ft/*&2 /au aells

us measured under silar conditions and found to be the ame a that

noted for /MgJ/gr2 /MnO 2 cells. This show that the high Impedance charac-

teristic of the organic system is due to the imanesiua anode and should

not be any more serious a problem than it Is for other magnesala cellse

The delayed action of Ng(AZ-1OA)/kgr 2 /mM and Mg(AZ-lOA)/Mg(ClOý)J/.
cells was measured mn tests siileating transceiver operation. Prelimiaary

results have shown that the delayed action of m-IMB cells with nmaneslum

perchlorate electrolyte is considerably less than that of cells vith a

magnesium bromide electrolyte, and is similar to the delayed aetion shown by

ft)42/ /NnO 2 cells of comparable size.

Formulations and fabrication techniques for magnesium cells vith m-=

and similar nitro-organic cathode materials were established. The

Important properties of the carbonand the need for a high anode efficiency

were also studied. It uas found that the Columbian carbon 110 series,

which has a high percentage of electrolyte retention, gave the best per-

fomAnce.

3.2 TEHNICAL APPRACH TO PlESET CONTRAMC

The work program us planned in two sections, a research phase, and a develop-

ment phase.

'-4



3.2.1 Introduction

The Research phase extended the scope of the m-LMB-carbon studies pre-

viously completed (Contract DA-36-039-SC-780'8) to determine the funda-

mental properties of the carbon affecting cell performance, since the

development of a practical magnesium cell depended upon galini a thoroug

understanding of the function of carbon in the nitro-orpaic cathode. It

was expected that improvements in cathode efficiency and operating voltage

would result from a better understanding of the nitro reduction.

j The Developent phase was planned to characterize the -gonesium-a-M cell
with the best commercial carbon black. This program of application studies

i was also to explore delayed action and intermittent service.

Unexpected results and problems with carbon black revealed the crucial.1 relation of this material to efficient use of m-LUB in dry cells. The most

recent evidence on trace impurities in carbon black, together with alter-

j native methods of cathode-mix preparation, now promises the optiml use of

the organic depolarizer.

3.2.2 Experimental and Factual Data

3.2.2.1 The Role of Carbon in m-DIE Cells

Prior work under contract DA-36-039-SC-78048 established the importeee

of carbon in -the performance of the m-ERB cell. The greater improve-

ment in cell capacity was achieved by the use of a more efficient

carbon. Since cell capacity is mainly dependent on characteristics

of the carbon, the major emphasis of research studies was placed on

gaining an understanding of the carbon function.

The energy producing reactions in the magnesium m-DLI cell are givmn

by the following:
NO 2

O , + o8H +12e" (-. .2 + 12 (O)" (1)

6 Mg + 12(OHY)-.--- 6 mg(OH) 2  + 12e (2)
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Since it is a non-conductor, m-MD must be in contact with the

carbon in order for reduction to take place. Also, it is Been from

equation (1) that water is essential at the reaction site. Since

m-ERB has a roan-temperature water solubility of 0.057% (Beilstein)

and of about 0.1% in 2N Mg(Cl04) 2 , it is plausible that the crit'al

step of putting the m-EKE into elect•rical contact with an active

carbon site must be dissolution of solid m-IDM, followed by its

diffusion to the carbon surface. High surface area alon , as

measured by the standard gas-adsorption technique and size distribu-

tion, is not a criterion for a good carbon in the N-IM- system.

Surface area values do not correlate to the activity with n-IDM, as

evidenced by the vide variation in perforwance with high-surface-

area carbons.

Neither does a high wettability-to-electrolyte characteristic in a

carbon correlate to efficient cell performance. Significantly, the

phenomenon of wetting of carbons can be observed as diverse sequences

of distinct steps, ranging from lyophobic to lyophilic, resulting in

a persistent fractionation of a seemingly homogeneous carbon powder.

Some carbons acquire a water structure which can persist or decay

on aging, depending on temperature, pressure, or agitation.

Initial investigation showed that the preliminary requirements of a

carbon for use in the m-DNB cathode are:

a. high active .urface area and good electrical conductivity

b. high affinity for the reactant nitro compound

c. high electrolyte retention

(a) and (b) can be considered as that fraction of the carbon surface

having a high activity toward the reduction of m-DIB. Carbon adsorp-

tion was studied as one method of determining this activity among the

various carbons.

3-6



3.2.2.2 m-DNB Adsorption Studies

Various methods were investigated to measure the specific affinity of

carbons for m-IUB in the presence of 2N Mg(Cl04 ) 2 electrolyte, The

methods were examined:

a. adsorption of m-DNB by known amount of carbon from 2 Mg(C].04) 2

containing excess m-DUB, avoiding direct contact of solid
m-DIB and carbon. The quantity of m-1IB absorbed is determined

by coulometric analysis.

b. agitation of carbon in electrolyte saturated with m-DNB and

aliquot analysis of the exhausted electrolyte.

c. centrifuge tests of carbon and electrolyte saturated with

I m-DNB to measure volume effects upon the carbon-wetting

variables. The degree of m-DNB adsorption can be measured

i by analysis of exhausted electrolyte.

d. couloeteric analysis of various carbon electrodes in the
presence of excess m-30B electrolyte. These studies

determine the rate of m-DNB adsorption or activation on the

carbon surface under discharge conditions.

These studies were made to determine the role of the carbon in the

m-tUB cell and the carbon properties associated with efficient cell

performance. The suitability of a particular carbon was examined

through extensive cell testing over a range of cathode mix composi-

tions in the development phase of the contract.

3.2.2.3 Adsorption of m-DNB by Carbon Black

Adsorption studies were conducted with various Columbian and com=ercial-

ly available carbon blacks in a 2N Mg(CIo 4 ) 2 electrolyte saturated

with m-DNB. The initial investigations evaluated the ability of

various carbon blacks to adsorb m-DKB.

3-7



hsorption Test

The choice of a test method was guided by:

a. the low solubility of m-DUB in the a Mg(CO,4) 2 electrolyte

(i.0 gram per liter)

b. the time required to reach equilibrium following the intro-

duction of the carbon-black sample into the solution, and .

c. the ease of quantitative transfer of the carbon-black sample

into the vet-test cell.

The apparatus is shown in Figure 3-2.

The carbon blacks tested shoved wide variations in dry and vet bulk,

and in vettability. For this reason, prolonged dispersion of the

carbon black in the electrolyte was necessary. Various ratios of

carbon/m-DUE were used during initial testing. It was determined

that the optimum carbon black-electrolyte mixture consisted of 0.5

gram of carbon black dispersed in 250 ml of 2N Mg( CdO) 2  satu-

rated with m-DMB. This ratio adequately meets the requirements for

the m-DUB-adsorption range, and provides a cathode of suitable size

for the vet-cell test.

Operational details and analytical procedure of the adsorption test

were given in our Second Quarterly Report, pp. 4- 4 and 5-1.

Evaluation of Carbon Black Adsorption

The ability of various carbon blacks to adsorb a-DMB from a 25 Ng(CaO)2

electrolyte saturated with m-DMU ranges from zero removal to almost

total removal. The lowest degree of adsorption occurred with carbon

blacks supplied by Atlas (Darco), Cabot, and Shawinigan. In this

property, these carbon blacks are similar to the Columbian (CM) 10S67
series. Higher adsorption values were recorded for the CEN P-11O0

series. The highest adsorption values were found with carbon blacks

3-8
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of the cu ER-1670 series. Table 3-1 gives m-DUB-adsorption and

capacity data for various Colunbian and commercially available

carbon blacks. A correlation of adsorption with capacity data for

AZ-10 magnesiun A-Cells is shown in Table 3-1. Manufacturers' data

for several carbon blacks are given in the Appendix, 2nd QuWrterly RePOrt.

Figure 3.3 presents a ccmparison of data obtained from testing three

types of Columbian carbon blacks and several other carbon blacks

ccmercially available from other suppliers. The samples of carbon

black with adsorbed m-DHB were discharged at 50-ma constant current.

The curves show that m-tUB adsorbed on CBN P-li00-series and HR

1670-series carbon blacks is utilized more efficiently than it is

with CBN IOS67 carbon blacks. The Columbian (CBN) saZples are

superior to the Darco, Cabot, and Shawinigan carbon blacks in this

respect. The voltage decline was lowest for the CBN HR 1670-3386

sample.

The voltage data presented in Figure 3-3 are lower than the true

polarization data because the values include an internal resistance

drop. This drop is characteristic of the electrolyte, apparatus,

and test procedure. Voltage levels are important in the evaluation

of the activation and polarization characteristics of carbon blacks.

In the studies conducted, the time required to reach the sharp-break

point on the voltage-time curve yields the coulombic capacity used

in comparisons of the adsorption and efficiency of m-DNB with various

carbon blacks.

The adsorption data show that CON HR 1670-3386 carbon black has the

greatest affinity for m-DtB under these test conditions. This carbon

black also was superior to the others tested for capacity with the

50-ma discharge current. Additional 0.5-gram samples of CBI P-1100-

CL 20212 and CBN HR 1670-3386 carbon black were tested by exposing

the samples to 500 ml of m-DIB-saturated 2N Mg(Cl04) 2 , and discharging

at a 50-ma current. The results showed an increase in m-3W adsorp-

tion for CBN HR 1670-3386 carbon black with no loss in efficiency.

3-10
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No significant increase in adsorption wa found with the C P-l3.O0-

CL-20212 carbon black. The data are summarized as follows for 0.5-am

uaples of carbon black.

o0.5 a COLKIM CARS= MA•SCAM EGVW•qE TO:

HR 170-3386 P-31.00-CL 20212 1

250 ml ElectrolAte

mount of m-MG adsorbed (ug) 233 167

discharge time at 50 ma (min) 420 390

cathode efficiency (%) 78 100

500 ml Electrolyte

mount of m-MM adsorbed (mg) 335 17T

discharge time at 50 ma (min) 670 142D

cathode efficiency 87 100

The data show general correlation between the adsorbed quantity of

m-tUB and its 50-ma discharge capacity. The discrepancy between the

adsorbed quantity of m-DNB and the 50-ma discharge capacity may be

due to any of the following reasons:

a. The active sites on the carbon black are capable of desorb-

ing the discharge products, and are thus available for

adsorbing additional m-DIB. This can permit a carbon blac1 '

having an initially poor adsorption to give better results

in a cell than a carbon black with a very high initial m-313.

adsorption value.

b. An optimim ratio of H20/m-DtB is not maintained during the

life of the carbon black.

3-14



c. Structure breakdown of the carbon black occurs by mas

transport during discharge.

d. Desorption of a quantity of m-riB into the electrolyte

occurs during the vet-cell test.

The m-DNB adsorption test also provides data on the dry bulk of the

carbon black,, wettability in the electrolyte, sedimentation, and be-

havior of the carbon black on filtration. As a general rule, the

dense or nodular carbon blacks adsorbed less a-MB than did the ultra-

fine, fluffy carbon blacks. Slow or partial wetting suggests a

heterogeneous surface condition. In the dense carbon blacks, this

characteristic may inhibit dispersion and, possibly, the access of

electrolyte. The degree of flocculation and sedimentation of carbon

black dispersed in excess electrolyte may illustrate the persistence,

development, or change of a heterogeneous surface condition. Consider-

able variation was observed in the speed of filtration with different

carbon blacks. CBN HR 1670-3386 is particularly slov.

Effect of Reaction Products

The effect of reaction products was evaluated by the following two

general methods:

a. determining the effect of the major reaction products an

adsorption of m-IrB by carbon black.

b. regenerating the carbon blacks, after discharge, by further

treatment with 2N Mg(C104) 2 electrolyte saturated with a-=B.

Adsorption of Reaction Products: The first method provides informa-

tion concerning the preferred species adsorbed on carbon black. Studies

were conducted on the adsorption of m-DrB from 2N Mg(•dl0) 2 by carbon

blacks in the presence of reaction products. Two samples of Columbian

carbon blacks, CNN P-l100-CL 20212 and HR 1670-3386, were examined.

In one study, m-phenylenediamine was present; in the other, both

m-phenylenediamine and w-nitroaniline were present.

3-15



Results shoved that the capacity obtained from the testing of these

carbon blacks In the vet cell va influenced by a reduced .aborption

of a-mB. Higer cell capacity as obtained fram testing of g 1670-

3386 carbon black. Capacity data are presented in Figures 3- a1ndj
3-5.

Mwb adeorption of u-TED by 0.5 p of Colu•lan carbon black In the

presence of reaction products is tabulated belov. we quantities

u-FEB listed in the last two columns were adsorbed V=m mpese et

the carbon blacks to 250 al of U Igm (CO)2 containing the com

listed in column I.

REM TO ,-im (grams)
CURME OF B 0.5 OF:
3-4 an 25o mL oF gm Y(cio,.)23-4: C25 TAONIG( HR 1670-P3386 P-1OO-CL 20219

A 0.25 pm-MB- 0.35 0.170

B 0.25 an -M and O.325p
m-phenylenedismine 0.197 O.lA

C 0.25 gn a-tB, 0.325 p
m-phenylenediamine, and
0.0i1 a m-nitroeniline 0.179 0.I12

Carbon Black Regeneration: The second method is directed toward

determining the ability of the carbon black to desorb the reaction

products formed during discharge. The effect of additional adsorption

of u-til vas studied by discharging the Initially adsorbed u-MM and

exposing the carbon-sample to a second 250-ml portion of electrolyte

saturated with m-tEM by simple percolation through the packed test

cell. Test results shoved a definite decline of capacity an the

second discharge with the same carbon black sample. For the third

exposure the sample of carbon black as fully redispersed in 250 al
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of electrolyte saturated with m-RBU, and formed into a wet cell. Per-

formance decreased again. The data are presented in Figures 3-6 and

3-7. The data obtained from the two methods show that the active

sites on the carbon blacks are blocked by reaction products. It can

not be determined at this point if there is a desorption of reaction

products followed by adsorption of more m-DNBE, or if new active sites

become available.

The present data suggest partial desorption of some sites. An attempt

will be made to determine the ntmber of times active sites become

available for reaction by adding the total ampere-minutes for a given

carbon black sample. This should provide a reasonable approximation

of the actual cell.

Effect of Other Cathode-Mix Cgmponents

Comparison of the adsorption and wet-cell test data shows that CBN

HR 1670-3386 carbon black adsorbs more m-EWB and has greater capacity

than CBN P-l1OO-CL 20212. These advantages, however, do not hold for

A-cell tests, where the CBN P-1OO-CL 20212 is superior. An examina-

tion of both carbon blacks was made by studying the effect of A-cell

cathode-mix components on the wet-cell capacity. The transition from

the wet cell to the composition of the A-cell mix was tested in this

sequence:

CG4POSfl ON
(grams)_

MATERIALS I II III IV

carbon black 0.5 0.5 0.5 0.5

m-EWE 1. 1. 1. 1.

B&CrO4 none .09 .09 none

Mg(OH) 2  none none .03 .03
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These c•mponents vere mlled gently for oe hour, transferred in a

level layer into the wet-etll assely previously described, •atanrted

in = Ng( Clo) 2-' and discharged at 50 s. fte discharge tises vwee[
found to be as follows:

____________.r

CARDOETYPI I ryII I

CM uR 167o-3386 11 8 12 21

cii P-1100-C 20212 9 U 16 21

E=ination of the discharged vet cells shoved extraw hardening of

the CE HR 1670-3386 cathode with B&CrO4. The advantage of compol-

tion IV, vhich contained no hEr0V, did not materialize in A-cells.

Discussion of Test Results

A coop•ison of vet-cell capacities from adsorbed m-JIM, along with
information on A-cell perfoirmnce, is presented in Table 3-2. Varla-
tions noted in the performance of different carbon blacks make genus'

conclusions difficult. The CEM 10867 control sample and several

CEi DR 1670 samples, although very fluffy, absorb less vater than
needed for the 2:1 m-tUD/caabon black cathode mix. For maple,

the C= HR 1670 control smple shows 27 hours for the 16-2/3-oau
test, vhich represents complete utilization of the vater content.
Smultaneous high values in vater absorption and a-EMB adsorption
are not unfailing criteria for superior A-cell capacity, as shmwa for
Cm HR 1670-3386 and -3523 carbon blacks. It is reasonable, thou&,
to expect poor A-cell perfozuance from a cobined low rating in both
properties.

Carbon blacks of apparently "idel" sorption pmpaerties Ot.. give

relatively poorer 4-ohm A-cell test results than vou2d be wested
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MY-CLL TNT
Wv-C=L TEST 1R .0

t bof,-rB on 0.5 g MNUTS AT
Ca"OK T OAMRCMi BLACK AT 50 M, 4 Ow 16-0/3

P-UOO-"2142 174 300 4 29
P-. -21421 H 3232 178 360 4 30
P-1100-8417-1 153 285 3.5 26.5

-2 167 390 4 28
-3 171 300 3 29.5
-4 151 300 3.5 29

P-11OO-CL 20212 170 360 5.0 33

1C867-COwtrol 0 30 1.75 23
-3387 117 205 2.75 24
-3398 23 33 3 23.5
-3399 133 280 2.25 24
-3522 17 20 1.75 22.5
-3553 140 300 3 25.5

MR 1670-COmtral 211 400 3 27
-3379 195 370 1.75 23J
-3380 83 120 0 14
-3381 1i1 240 0 0
-3382 160 240 1 15
-3383 209 360 2.25 23.5
-3386 234 420 3 25.5
-3523 232 370 1.75 24.0

XC 72 F 52 100 3 22

O-60 99 145 3 20

50% Ccprmed 25 35 2 18

Ie-77

TABLE 3-2. OMPARI8(O OF WIT-C=L CAPACMTY F•R
ADSOBED BY VARIOUS CARBONS WIM! A-CIL DATA.
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[
fram the 16-2/3-ohl results. These results may be related to the

apparent discrepancies noted above. Failure at the higher current

density may be due to poor diffusion resulting from immobility of

the electrolyte. The hard-setting mix cake. obtained in the CM H R

1670-3386 carbon black with BaCrO4, is not conducive to the rapid

exchange between reaction products and m-IB that is necessary to
sustain a high-current discharge.

Variations in data obtained fran the 4-ohm A-cell tests with carbon

blacks of the CBN 1OS67 and HR 1670 types emphasize that the adsorp-

tion of m-DNB on carbon black is not the rate-controlling propety.

The data reveal that m-DrB can be discharged efficientlv in a tightly

packed A-cell with a carbon black which does not adsorb m-MIM from its

electrolyte solution. Another factor vhich must be considered in the

deviations between the vet-cell test and the dry-cell results Is a

structure breakdovn within the cathode. During the discharge of a

dry cell, two physical changes occur to alter the physical structure

of the cathode. These changes are:

a. movement of the free water from the cathode mix through the

separator to the anode.

b. transport of m-DiB to carbon black. This action is probably

preceded by a dissolution process.

In a typical m-IUB (2:1 ratio) cathode, water comprises approximately

"60% of the total cathode volume. During the discharge of an A-cell

with a 16-2/3-ohm load for 27 hours, approximately 50% of the rater

must be transferred out of the cathode mix through the separator to

the magnesium anode. Magnesium consumes water in the formation of

its hydroxide and hydrogen, and the carbon black cathode structure

must, therefore, withstand a 30% volume change during dischare.

The solid i-DIB must dissolve before it can reach the cabon' slack.

This process will also remove substance from the original cathode mix

structure and, thus, inevitably alter it.
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3.2.2.4 Differences Produced by Mix Variations

Cathode Mix"Pebblin_"

The P-1100-CL 20212 carbon black differed strikingly from all the

other Columbian carbon blacks in its charaoteristic "pebbling

tendency. The mix structure made with this carbon black vs. examined

with the objective of matching the mix structure by substituting a
blend of two other carbon blacks.

"Pebbling In the property of forming discrete pebbles of cathode mix

uhen mill-blended dry-cathode-mix components are tumbled with the

optima volume of electrolyte. This phenomenon is tentatively inter-

preted to be a state of aggregtion vhich firmly holds the electrolyte

so that only syneresis supplies a minim= liquid phase. In true

"pebbling", this liquid phase carries no carbon. The surfaces of the
glass jar remain perfectly clean during tumbling. Other carbon blacks

Jproduced ameering on the glass duzrig this operation. The pebbling

of CEI P-lloo-Cl 20212 has been observed vith both NgDr 2  d MgC"O02
electrolytes.

The selection of two other Columbian carbon blacks uhich nigt duplicate

the pebbling effect and give superior A-cell performance vse based upon

color, m-MIB adsorption, dry bulk, absorption of electrolyte, and A-cell

data. On these bases of selection, CEN ER 1670 Control II vas blended

in two different mtios with CEI 10867-3553 in the following two oa-
thode-mix formulations:

LOT NO. 432 LOT NO. .33

C•lmbian Hl 1670 Control II 6.25) U1.05 8.33 10.95
Columbian 10867-3553 6.25' 4.17

rna-am 25.0 22.1 25.0 21.85

BaCro4  2.3 2.0 2.3 2.0

Mg(OH) 2  0.8 0.7 0.8 0.7

2N Mg(C1%4) 2  72.11 61.15 _12 6.
TOTALS Ul3.0 100.00 Iýk5 100.0
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Upon addition of electrolyte to the dry blends of both these foulga-

tions, a degree of pebbling we observed, but it did not propess to

the same clean system characteristic of CEN P-11OO-CL 20212. The

parent carbons of the blends gave 3.0 hours of continuous drain at
4 olus to 0.9 volt in A-cells, Vherea both blends Impoved this drain
to 3.5 hours. The A-cell perfozrance in the 16 -2/3-obm tests remained

in the 27-to-28-hour range for the blends, and was not significantly

improved over the parent carbons.

E3ectrolzte with Solvent for m-=l

The low solubility of m-]liB in 23 1V4g(C04)2, which is 1 •/ual, limits

high-rate A-cell performance with some carbon blacks. inereasing

the solubility of m-12M may lead to Improved capacity if the increased

m-DMl concentration does not react with the magmesium anode.

A study was made of the use of small amounts of a mutual solvent, such

as acetone or acetonitrile, for m-ill in 2N Mg(C10) 2 to Increase the

solubility of m-ill. Columbian P-l.00 8417-3 we chosen for this
test because, in A-cells, it gave 29.5 hours to a 0.9-volt eand-point
at 16-2/3 ohms, but only three hours in the 4-obm test. A modified

cathode mix has the following compositioc:

P-1100-8417-3 12.5 peas
M-il 25.

BaCrO4 2.3

mg(OH)2  0.8

Electrolyte:

60nl 2K Mg(C104)) 2

10 ml CH 3CN 75.9

116.5 grams

The dry mix was blended by rolling with ZrO2 bal.ls for one hour. Am

the dry mix was blended with the modified electrolyte, the cathode mix

3-26
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T shoved a marked degree of pebbling not observed in standard 2 149(CO4) 2

mixes. The solvent-modified mix could be extruded and handled nornlly

in the A-cell preparation.

Capecity tests were run at 4 ohms, and the results were compared vwth

standard mixes. The results show that the discharge time ws reduced

from 3 hours to 2.5 hours for the solvent mix. Evidence of the

ample reserve of m-DIB in the cell discharged at 4 ohm vas obtained

when the sawe cell gave 70 hours capacity to a 0.9 cutoff voltage at

a drain of 50 ohms.

A similar test using acetone as a mutual solvent resulted in a frther

reduction from 3 hours to 1.25 hours at 4 ohms. The acetone-treated

Columbian HR 1670-3386 lost much of its ability to absorb electrolyte.

It is evident that the increase in concentration of m-MM by use of

a mutual solvent does not make possible a sufficient supply of m-1MWf at the carbon reaction site at high discharge rates. Therefore, the
use of a mutual solvent does not offer any advantages.

3.2.2.5 Electrical Conductivity and Residual Voids of Compressed
Carbon Blacks

Carbon black in intimate contact with m-MMB may become oriented in

different ways, and, thereby, exhibit different values of electrical

conductivity and of residual volumes of voids. The simple apparatus

shown in Figure 3-• serves both measurements.

Suitable quantities of carbon black, or dry blend, are compressed

to a measured volume within a polystyrene cylinder confined by an

insulated stainless- steel mold. The voltage across the compressed

carbon black is measured at a constant current on the high-sensitivity

scale of a Type G1l-A Varian recorder. The electrical resistance is

determined by Ohn's Law. From the apparent volume of the compressed

carbon black, or mix blend, and the absolute volumes of materials,

the volume of residual voids is calculated.

3
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The volume of residual voids in a compressed carbon black is of

primary importance because the electrochemical reduction of m-XB

consumes much water. The measurement of electrolyte absorption in

a cathode mix is subject to several errors. Therefore, a reliable

measurement is needed to determine the amount of free space available

for the electrolyte in a carbon black. The preliminary survey of

volume char es was made with seven experimental Columbian carbon

blacks and the..r blends which contain the usual cathode-mix components.

The theory, experimental procedure, and calculations of a standardized

method for electrical conductivity and residual voids are described

in our Fourth Quarterly Report.

Discussion of Results

At the end of each of Tables 3-3 through 3-7, a variety of qualitative

observations are noted on the seven carbon blacks. A remarkable

distinction of P-1100-CL 20212 from the other six carbon blacks is

found. This unique material exhibits self-cohesion forces in excess

of adhesive tendencies for other surfaces, such as glass, steel, poly-

styrene, Mg(OH) 2 , and ZrO2 . Although it packs together more uniformly

under pressure than all other carbon blacks, it still remains friable,

without the "graphitic-smear effect" of other ultrafine blacks. Another

sharp distinction of P-1100-CL 20212 is its persistent resiliency

under compression, and exfoliation on release of the pressure.

Figure 3-9 compares the electrical conductivity with the void volumes

in seven carbon blacks which were tested in five different dry states.

The two most significant states of the carbons are represented in the

figure by: (1) the small solid circles for the carbon black as

received. (2) the large solid circles for cathode mix milled for 4o

minutes. The curves indicated by the solid lines show the changes

of the carbon black from its "as received" state to its 1:2 m-EDB-

cathode-mix blend. As each carbon black is diluted with two weights

of the non-conducting m-DNEB, the electrical conductivity decreases

3-29
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as expected. The conductivity increases again upon the additin of

more carbon black. The changes in electrical conductivity of dif-

ferent carbon blacks are more irregular when they arwe iLld for

30 minutes with ZrO2 balls. A cumparison of these cLan blacks

(represented by the circles) with their milled mix blends (larP

solid circles) shows that the loss of voids is primarily due to the

m-IMB., a rather vax-like material under cempression.

The relative positions of the triangles (representing dilution of

a standard 1:2 milled mix with an excess of pre-milled carbon black)

illustrate the divergent behavior of the seven carbon blacks. Only

P-1100-Cl 20212 retains its favored position; BR-1670 ii sllahtly
superior to the five 6R samples, where the residual void volmes

have decreased below the standa-d-milled mix (large solid circles),

and, these five carbon blacks were condensed into better conducting

systems at the expense of their residual void volumes. The results

of the mix-blend tumbled for 30 minutes (squares) corroborate the

experience that normal mechanical handling of a carbon black is not

a critical determinant for cell performance. The very low electrical

conductivity of 6R 216 was reflected by the failure of this carbon

black in A-cell tests at 4 ohms.

Correlation of Cell Performance with Electrical Conductivity
and Residual Voids

From the seven test samples shown in Figure 3-9 it appeared that a com-

parison of the electrical conductivity and residual voids volume at only

two of the five states defined the probable behavior of, a carbon black in

A-cells. Therefore, in a broader survey of carbon blacks, the measurements

were limited to the original carbon black as received, and Its 1:2 r-=D

mix-blend tumbled for 30 minutes. The study of the milled itx-blends as

abandoned to simplify the procedure, and because severe mi1ling as not

necessary for the preparation of cathode mixes.

Data of this type are shown in Table )-7 for 24 carbon blacks. The table

is arranged to show a direct ccapaison of the apparent density and the
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absorption of electrolyte in experimental cathode mix formulations, alone

vith data on the performance of magnesium A-cells containing the different

carbon blacks.

Figure 3-10 shows the qualitative rating of the 24 carbon blacks with the

data presented in columns 3 to 8 of Table 3-7, The distribution of the

test samples indicates tha+ both a fair electrical conductivity and the

iL largest possible volume of residual voids are needed for optimum cell

performance. However, a definite prediction of cell performance Is not

assured from the data on the carbon blacks in the intermediate quality

range. It is plausible that the unique 5-hour A-cell service at 4 ohms

in P-1100-CL 20212 depends u,•n electrical conductivity, while the 35-hour

f service at 16-2/3 ohms requires a large volume of residual voids. The

simultaneous occurrence of these two optimum characteristics in the same

carbon black is rarely found.

Carbon blacks with a very low volume of residual voids contribute little

to this study be2ause m-MB cannot be efficiently reduced if the cathode

mix carries insufficient rater. Their enormous loss of electrical conduc-

tivity, In passing from the carbon black to a dry-mix blend, is interpreted

as an envelopment of the large particles by the poorly conducting m-itB.

There is a direct correlation between the initial tapped density of a carbon

black and its loss of electrical conductivity in the cathode mix enviroment.

Figure 3-11, is a log-log relationship of the variation in A-cell services,

vith the initial tapped density plotted as a function of the volume of

voids maintained per unit of electrical conductivity. At any particular

ratio of voids to specific electrical conductivity the carbon blacks

improve in A-cell capacity from the more dense to the fluffier varieties.

When a set of mutual reciprocals of electrical conductivity and residual

voids is plotted on a log-log chart, all points lie on a straight line.

The data of Figure j-11 are re-plotted in this manner in Figure 3-12. Here,

the relative importance of the two major variables is coordinated with:

a. the Initial tapped density of the carbon blacks.

b. the A-cell performance.

3-37



In

z U.
0 ..-Im N

0 0 00

5- 0 Ir 0

0 0 b w.

0 011
U.- 0 a IO

1oI. iII)

x w 0 w z

ý-90 N;U

U) 0)

0 00

0

)I~V9 N9~V ~V~ &1d SIOA ~flIS3i 0



UU,

-0

in (Pa

2 (>C WUI w

00 o-Jc 9

~~0

cr W 0

NCO U)

-w W oI w

0 W I0

M 5-

0 CJ 0
0 Z

oo 2

OD w

2000.

cu Ig
ddd4 0 0

(~~~~~~~~~o~~~ E3 VV8 ~V9NSV 0A~NO Nn ~dJ



0r
U)U

U, 0

10 Q4 a

00 0 1-- 9

w w0
31.-U)

W 00 00

cc MW &r N

w N 0 40 CD
0~j o 00NI

N~NO,

0 w2- N
(L UI 0 - c

z E
0O N0 w U)

LL. >O (

;N 0
00 a

00

I. WN.IU
o 0 0

~~00~ 0 0 0@0-(n E N-. -4
9w~r~. If) N

9OCO cVlISoO/W-4



I

The distribution of A-cell data confirms the dominant role of residual

voids. Io-structural variables, such as trace Impurities in carbon

blacks, ma also affect A-cell performance.

Other Data on Olbon Blacks

The variable residue of void space in different carbon blacks after

compression and mechanical abuse is indicated by the degree of

resiliency. This property is readily discerned in some carbon blacks

but virtually absent in others. The unique and persistent resiliency

of P-II00-CL 2D0212, in contrast with HR 1670, is attributed to its
fundamental interatomic arrangement, or lattice. This belief, sug-

j gested by work on "pWrolitic graphites" at the Raytheon Company and

elsevhere, shows that the thermal history of carbon determines the

anisotropic properties associated vith a lattice order in the third

Aimension (c-axis).

1-_sq Diffraction Patterns

The lattice spacings in P-ll00-CL 20212 and HR 1670 carbon blacks are

c i n curves A and B of Figure 3-13. This figure is a reduced
plot of the relative intensity versus the ang.e of incidence taken
from the original scanning traces on X-ray diffraction patterns.

Carbon black P-1100-Cl 20212 has diffuse halos at 3.7A and 2.3A (as

shown on curve A of Figure 3-13 ). The only diffuse halo in HR 1670
0 S

is observed at 3.9A (curve C of Figure 3-13) which shifts to 3.65A

for a carbon black baked in an induction furnace for five mlnutes

at 250OC in argon. During this heat treatment, HR 1670 also developed

a distinct halo at a lattice spacing of 2.09;A. From these effects it

was concluded that P-UOO-CL 20212 differs indeed from HR 1670 in a

property dependent upon the thermal history.

The scanning trace for tuuted 65 mFF (curve D) has been added in

Figure 3- l3beoause of its approxmation to that of the heat-treated

HR 1670. The Mnited carbon black is very dense and gritty and

wholly unsuited for a cathode mix with m-tB. This degree of condensa-
tion Is also evident in the heat-treated aR 1670.
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(r Figure 3- 1 presents the scanning traces from X-ray diffrcotion pat-

terns of two other carbon blacks of the P-11OO series: -3417-3 in

curve F, und -2142 in curve G.

A close relationship with P-1lOO-CL 20212 is clearly evident in curves

F and G through the comparable lattice spacings at 3.65A and 3.7A.
No explanation is available for the other lines in curve F (P-1200-

0 0
8117-3) at 7.25A and 2.97A. In curve E derived from the X-ray

diagra of Mawainigan Carbon Black (uncompressed), the 2.09A halo

j is present, but the larger spacing has shifted to a halo at 3.52A.

od eg br dpregpaicetidence

In view of the catalytic potency of structurally oriented trace

I impurities found in mw solids, e.g., boron-doped graphites, to

"possibilities exist: (a) The thermal genesis of the petrolemu-base

furnace black (similar to P-11OO-CL 20212) could be influenced by

impwurities and the material could have its structure directed by

certain chemical impurities; (b) The chemical Impurities could be
catalyzing the efficient reduction of m-dinitrobenzene.

With this thought, a spectrographic trace analysis was performed on

selected samples of carbon blacks, vhich resulted in the data of

Table 3-8.

3.2.2.6 Modification of Shawinigan Carbon Black

SSpectroscopic data of the preceding section on Columbian carbon

blacks suggest the improvement of a pure carbon black by the addition

i of certain elements.

It us assumed that the additive would not only have to be most

thorou&ly dispersed in a fluffy black, but that it would have to be

theirmlly reacted with the carbon.

Reference values for the cell performance of ShawiniOn carbon black

I are represented by Lot 4.77 in Table 3-9. The heat treatNent itself,

* 3-,43
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1

MA.TERAL B Mg Al 81 V Nhi Fel. c: zu Ag

ColimbianR 1670 -10 10 - 100 - 10 50 - 25 - 25

P-1100-CL 2023. -10 25 50 200 500 -10 500 100 100* - -

SP- oo-87-3 - 25 300 200 500# 10 50 100 100# - -

Sbln n 50% Cupreo• d - 10 - 10 - - - - -.

SVus 1947B(Mon•anto) - -1o - 1025 1 - -1100- -

10-83

TABLI 3-8. 5PECW080e ZC MIAMTEI!VI DSihI OFW DaMZ= II 0AIC8.
(Part* Per Mianion)
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CARBON BLACK A-CELL DATA
CELL P.K A ITIV HOW O.QV
LOT 50% C. -80 MESH IAMM o xn ADDED c irS. Glum 16-H RS

1476 X 2 .a. of Ni,V, AI Tumbled 590 1 3 26

477 y= - 590 15 3 21
478 10 Ni Formate Tumbled 590 15 3 21

1479 4 VAo5  590 15 3.25 28

480 5 MY. (WOOS) 590 15 2.5 22
i481 4 N '. Fo rm ' L~2 Oi?3 BmY 2 0 590 15 3 29

482 10 Pruss. Blue 590 15 2.5 22.5

483 -40 5 Nio . 5 Boric 600 3 1.5 -
148 -40 10 Boric 600 3 1.5 -

285 1 V5 P.K. 570 5 4 28
86 x 1 L•203 570 5 2.5 2D

487 1 Como 570 5 3.5 22

i idya. 570 5 3.5 23
100203 570 5 3.5 22

V2,5 No 3.25 29.5
1 -80 4 Nu30o4 r led 6oo 14.5 3.5 23.5

902 -80 4 moo2 570 5 3.25 23
93 -80 4 f 3o04  570 5 3.75 23

X 2 Cr 2Q3  P.K. 565 6 14 23
ý95 2 C0203 565 6 4 23
96 4 4 oe304 NO 3.5 25
97 V2O5 3.75 31

08 4 Cro3 3.7 25

$99 C Co02P3  3.75 25
o4 MOO3  3.6 26

1 NU1 3.9 25

TAM 3-9"A M AZ-10 CWNLS WI JODIFIED mASINAN CAI=. 3-6



I
(15 hours at 590°C in an atmosphere of 0.1 hydrogen and 0.9 nitrogen)

produces no significant improvement in cell performance over the
commercial Shavin/ign (50% compressed) carbon black. Lots 476, 479,

and 481 show distinct improvement in 16-2/3-ohms tests, but none in
the 4-obms tests. In comparison with lots 478 (Xi) and 480 (Al) the
most effective additive is V205 . Subsequent test lots (1485, W90, and
497) support this conclusion. Additions of boric acid or of lithium
carbonate depress the cell performance, as shown in lots 483, 4f8,
and 486.

In sdveral experiments, the commercial Shavinigan carbon black ws
partially ".opene" by screening thrmoh 4o or 8o-mesh sieves prior
to dispersion of the additive. This variation produced mio improve-

ment of cell performanee in lots 91g-493, which at the sate time
indicated little improvement from the additions of Ii, Mnk, and Fe.
Lots 487, 48, 489, •19, and 495 extend the surve to the oxdes of
0o, Ii, didymium, Ce, Cr, and Co, with rather indifferent results.

Lots 496 to 501 were prepared by the following method:

The comercial avinij;n carbon black was blended at 20 zjm for
two mites in a 4-galon Patterson-Kelly Twin-She Dry Blender with
the stated percentage of additive, then the 3450 rjm intensifier us
run for five minutes. The dust uas permitted to settle for five
minutes, and the necessary non-carbon cathode components (44.8 g to
20 g carbon black) us added, and agitated two mInutes with the P-K
intensifier. The non-carbon components had previously been milled
with ZirconLa balls to an extremely fine powder. The bleod us tobled
another two minutes, settled five minutes, and discharged for amition
of the electrolyte. The %1eW" of this set, Lot 501, illustrtes
the effect of the P-K intwnsifier action upon Mviuwz carbon. black.

Its arigiWal toped density of 0.083 as reduced to 0.026, Ihil the
cell petocate at both drains was 20% gremter thea tae oe1ginal

awaini4wn carbon black.
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F
The cell data of Lots 496-501 show that the P.K. processing auGnents

both the 4 and 16-2/3-ohm performance, even without heat treatment.

Lot 497 used a Shavinigan carbon black modified with 4% V205, in
contrast to spectroscopic evidence of about 0.05% vanadium in Columbian

P-II00-CL-20212. Since this smala quantity of vanadium is probably

bound in the carbon substance as an ash residue, it is impossible

to predict the optimum quantity or mode of addition of V205 to

Shawinigan carbon black. The vanadium content in CL-20212 is ac-

coqmnied by similar quantities of Al and Fe, and their contributions

to cell performance, if any, also demand, further study.

Canvass of Domestic Producers of Carbon Black

Samples of carbon black were requested by letter from the producers

listed below. Our letter stated a tentative specification, as follows:

a. a tapped density below 0.05

b. B.E.T. (nitrogen) surface area of not less than 500 square
meters per gram.

c. evidence of resiliency upon repeated Lomprescion.

d. self-cohesion in excess of adhesion to glass, steel, and

zirconia.

e. a dry blend of carbon black with two weights of a-dInitro-

benzene at a compression ratio of 10 should retain voids

of at least 2 cc per gram of carbon black, and an electrical

conductivity of 2 mho-cm.

no fluffy blacks are available from these producers:

Barnebey Cheney Co. *Continental Carbon Co. (Witao Chan. Co.)
Atlas Powder Co. Monsanto Chem. Co.

Godfrey L. Cabot, Inc. National Carbon Co.

Great lakes Carbon Co. Ohio Carbon Co.

L.M. Huber Corp. *ptttsburgh Coke & Chem. Co.

Speer Carbon Co. Stackpole Carbon Co.
UVanted Carbon Co. 'B.T. Vanderbilt Co. (Thermt=mic)

*Offered eleven samples of dense carbon blacks.



The A-cell data with 1:2 m-DNB cathode mix of there materials arc

summarized in Table 3-10.

The dense carbon blacks uniformly Save low A-cell capacities. All

of these carbon blacks exhibited good electrical conductivity, but

shoved insufficient residual void space for the absorption of

electrolyte.

3.2.3 Devio ent Studies

3.2.3.1 Evaluation of Columbian Carbon Blacks Used in Flat Cells

Studies of flat-cell construction were started because the flat-cell

geometry offers greater experimental flexibility in the study of cell

parameters. Prior experiments with flat cells under Contract No.

DA-36-039-SC-7801 8 were restricted to the use of MgBr with the less
2

efficient carbon blacks. Since the completion of that work, improve-

ments in m-DI cells and the availability of better carbon blacks

indicated that better cell performance would be achieved vith the

perchlorate electrolyte.

The initial cells constructed under the present study used a copper

foil covered with Condulon conductive plastic as the cathode grid.

Inspection of these cells after discharge showed that the Condulon

plastic absorbs .- ErB from the perchlorate electrolyte with a

resultant increase in electrical resistance. Because the Condulon

plastic breaks down, a study vas made of various grid materials for

use in the a-tIB cell with a perchlorate electrolyte. Lead and

titanim sheet in direct contact with the r'--i3 rate mix corroded

badly, and resulted in poor cell performance. Amalgamated copper

and plain copper foil, however, shoved no advc.rse effects, and gve

excellent cell performance. Subsequent flat-cell tests were performed

with 0.002-inch-thick copper-foil and with expanded copper screen (Emmet

5 Cu5-4/0). In previous flat-cell studies, the copper-foil grid

reacted with the MgBr 2 electrolyte and could not be used in direct

contact with the mix.
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In initial experiments, a shallow, adjustable box of clear plastic
was fabricated in a flat-cell design. The structure pe•uitted the

cell geometry to be varied and the applied pressure to be controlled

during discharge. It vs found that the external pressure necessary

for mau•um discharge voltage reached 5 psi. At this pressure the

organic cathrie mix yielded and sbowed plastic flow and exudation of

electrolyte. This irreversible alteration of cathode-mix structure

caused local dry areas in the cathode, and resulted in uneven utiliza-

tion of the anode surface. :The lowered and often erratic uischarge

voltage with such a flat-cell design was reflected in cell capacities

lover than those achieved with earlier designs.

Consequently, the study was continued with a flat cell firmly packed

within a heat-sealed plastic (Krene, 0.0035-inch thick) envelope
similar to that described on Page IV-86 in the November 1, 1960,

Final Report of Contract DA-36-039-SC-7808. Cells with NISnesIuM

AZ-31 anodes, O.050-inch or 0.071-inch thick and with an active surface
area of 18.6 cm2 (3.8 x 4.9 cm) and seven grams of cathode mix were

used to make a direct comparison with A-cell data. The cells were

finlry clamped between 0.5-inch-thick plastic plates and discharged

at 100 M (5.- ma/cm2), which corresponded to a 10-oku test with

A-cell.

Cathode mix formulations used were as follows:

_____ ~COUHBIAN CARDOBAK____
P-llOO-CL 20212 P-llO0-W7 CM M I CONVOL 11

_________ (Prcent)*~~ (percent) (gas (percent)-

Black 6.0 9.65 6.0 9.5 6.0 10.75
- 12.0 19.3 12.0 19.0 12.0 21.5

1.1 1.8 1.1 1.7 1.1 2.0

0.4 0.6 0.4 0.74.2.6 68.6 43.6 69.2 36.3 65.0

Mix Weight 62.1 63.1 55•8

Water in Mix 58.5 49.0 45.8

CAL AMfERZ-
s/T7g Kx 155 153 173

34,1



The discharge voltage of the freshly prepared flat cells was recorded

on a Varian G1lA recorder. The data are shown in Figures 3-15, 3-16,

and 3-17. Fifgur. 3-15 shows that malgamation of the eopper-cathode

conductor is unnecessary. The comparatively superior cell performance

vith HR 1670 carbon black at the 100-ma discharge rate is encouraging.

Figure 3-16 shows that the expanded copper screen is equivalent to

copper foil as a cathode grid contact. The copper screen provides

a strong cell structure and is preferred in flat cells.

The following performance characteristics have been derived from the

discharge data for the three Columbian carbon blacks in flat cells:

CONTINUOS DI GI To 0.9 VOLTS AT 5.4 m/c

P-l200-CL 20212 P--100-8417 COWRTOL _ 1670 C TROL 3I

AMPER39- EFFICIENCY' AMPERE- EMCICENCY AMPERE- EMFCEEC=

Hg-Cu 86 56 83 48
Conductor
(Figure 3-12)

Cu-Foil Cathode 70 15 93 53
Conductor
(Figure 3-12)

Cu-Screen 90 52

Cathode Conductor
(Figure 3-13)

CONTINUOUS DISCHARGE OF INp CATHODE CEU WITH 12
GRAMS CATHODE MIX AND 36 cm' Mg AZ-21 SURFACE AT

2.8 ma/cm2

To: 1.1 Volt 96 32

0.9 Volt 161  55
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1.3-
EXPANDED Cu -SCREEN CATHODE CONDUCTOR

co

HR 1670 CONTROL 11

0

-0.9.
0

-J
tiI
00.7

I I I I I I I

2 4 6 8 10 15 20
DISCHARGE TIME (HOURS)

(ML-I93)

FIGUR 3. 16. CKAPACTEINflCS OF A FLAT CELL DISCHAGED CCWXNWU&.Y AT 0.1
AMPOE (5.14 MA/SO 2).
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Figure 3-17 shows the discharge behavior of the larger flat cell of

the inner cathode design at a 100-ma drain and a current density of

2.8 va/cm2 . The cell was constructed with two 0.020-inch-thick AZ-21

.agnesiiu anode plates and 12 grams of cathode mix (containing carbon

black HR 1670 Control II) on an expanded copper screen grid. The cell

veight was 18.5 grams and delivered 44 watt-hours per pound to a 1.1 p

volt cut-off point, and 72 watt-hours per pound to a 0.9 volt cut-off

point. It should be noted that this capacity is equivalent to the

best capacity obtained in previous tests with P-ll00-CL 20212 carbon

black. Further improvement can be obtained through optimization of

volume and weight in flat cells of this construction.

3.2.4 Shelf Studies

Magnesium AZ-10 A-cells made with two different Columbian carbon blacks

were stored at 113*F and 95% R.H. for various periods before discharge

at 16-2/3 ohms. The cathode mixes had been prepared in a 2:1 ratio of

n-IMB to carbon black with 2N Mg(C104) 2 electrolyte. The following

results were obtained:

LOT M LOT 377 LOT 378

TYPE OF CLIIIAN M RO P-IIOO-P2142 HT 3232 HR 1670-P-3317BLACK

Hours to Percent Hours to Percent
0.9 Volt Retention 0.9 Volt Retention

Average of Three Cells, 30.5 26.5

Ajpd 2 ftys

Average of Three Cells, 29.0 95 26.5 100

Aged 3 Months

Average of Three Cells, 29.0 95 23.0 87
Aged 6 Monthe
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4. CONCwSIONS

4.1 GE•mL

The role of the carbon black in the nitro-organic cathode was shown to fall

into three general categories. The carbon black serves to:

a. provide an open structure for the diffusion of reactants and

reaction products,

b. provide a surface area for the catalyst used to enhance the

nitro reduction reaction, and

c. provide a reservoir for the water volume requirements of the cell

j reactions.

These conclusions are based on an integrated evaluation of the following

parameters:

a. the relation between m-DNB adsorption from solution and carbon

blacks.

b. the relation between the electrical conductivity and residual voids.

c. spectrographic studies of experimental carbons which give enhanced

performance of Mg/m-.MB cells.

d. successful modification of Sawinigan acetylene carbon black by

structure modification and addition of certain catalysts (e.g,

e. known vater requirements of anode and cathode reactions.

4-1



The general properties of the carbon required for utilization in nitro organic

cathode were established.

No ccmmercial carbon black has been found which is ideally suited to the full

exploitation of m-DLI in magnesium cells.

The evaluation of carbon blacks for this purpose rests on objective tests which

define a disperse and persistent structure. This property is sensitive to the

method of blending the dry cathode mixture.

The addItion of V'0 to Shavinigan carbon black significantly Improves the

cell performance.

IT is concluded that in the nitro reduction diffusion. of the a-IMB to the

carbon surface and electron transfer are important. The former conclusion

is based on behavior of carbons vith large void volumes and open structures;

the latter conclusion is based on the improvement of cathode efficiencies

through the use of catalysts.

4.2 RECOMU•)ATIONS FR JUT¶3E WM

The present contract has demonstrated the basic requirements of the carbon

black required for the development of a practical dry celi with a nitro

organic cathode.

The future development of Mg/m-T should logically proceed as follavs:

a. Develop a suitable source of a carbon black as defined.

b. Select several promising nitro organic capounds for serviee-test

prOgraM.

c. Uýpon demonstration of a suitable carbon black, perfom a Service-

test progzu to characterize the Ngju-LE system.

d. Exploit the system in flat cells.



I

5. IJKICA3TION8, FdMTS.-CMMM

5.1 PUICTIU

The following publication vas developed during the course of this contract:

I "Magussua Primry Cells", by G.S. Lamer, R.J. Ryan. Proceedings of the

16th Annual Power Conferee., 1962, Publication Number ST-298.

5.2 RDPRB

Five quarterly progress reports were prepared and distributed, dated as follows:

September hI., 1961
Deember Ai., 1961

March 15, 1962

June 15, 1962
SepMteber 15, 1962

5.3

The following conferences were held between representatives of the U.S. AnW

SiuAgl Research and Develquent laboratory and the RIado COrpoation of AeriOS

jto discuss the progr and progress of thIS cntract:

Dat Location Representing MOUSAXIsti W

7-l-61 Ft. mNamth S. BRatosh, F. Joha 0.3. lmler', R.J. Ryan
D. Linden, J. Pawlak

I 9-26-61 RCA, Smervine S. Rartosh, J. Pav2ak 0.5. losier, R.J. IRy,
J.I3. Risen

I
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Date Location Representing USADL resentng RCA

125-61 nt. Monmouth S. Bartosh, 3. Hovendon, R.J. Ryan, J.J. Meehan,
J. Pawlak J. B. Bisen

1-25-62 RCA, Somerville J. Pavlak G.S. Lozier, R.J. Ryan,J.B. Eisen i

4-1-62 RCA, Somerville J. Pavlak G.S. tolemt, R.J. Ryan,
J.B. Eisen

6-25-62 Fn. Momouth A.F. Daniel, J.M. Novendon, G.S. Lazier, J.B. Eisen
J.N. MrguI&.ch, J.J. Murht,
W.F. fRe, J. Pawlak

from Clab•l Carbon Co.: K.A. B:D eso# J.M. Ross,
fC.A. Stokes, C.W. Breltzer

9-13-62 Ft. Monmouth S. BDrtosh, J.J. Onurhy 0.S. Toiler, J.3. Eisen
J. Pawlak

On August 31, 1961, Dr. 0.S. Lozier and Mr. R.J. Ryan visited the Coluabian

Carbon Co. in Princeton, New Jersey, to discuss the status and availability of

carbon for use with m-Mil. Present at the meeting were Dr. C.W. Sweltzer, Messrs.

K. Burgess, F. Eckert, and L. Ross of the Columnbian Carbon Co.

5.2
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